During the study of hydrocarbon-degrading bacteria in the oil-contaminated soil of Gunsan, North Jeolla Province, South Korea, a light-grey-pigmented, Gram-staining-negative, aerobic, non-motile and rod-shaped bacterium, designated strain D39 T , was isolated. This strain was non-sporulating, catalase-negative and oxidase-positive. It was able to grow at 12-42 C, pH 5.5-8.5 and with 0-1 % (w/v) NaCl. This strain was characterized taxonomically by a polyphasic approach. Based on the results of 16S rRNA gene sequence analysis, strain D39 respectively. The morphological, physiological, chemotaxonomic and phylogenetic analyses clearly distinguished this strain from its closest phylogenetic neighbours. Thus, strain D39
The genus Sphingomonas of the phylum Proteobacteria, belonging to the class Alphaproteobacteria and family Sphingomonadaceae, was first described by Yabuuchi et al. (1990) . From the results of phylogenetic, chemotaxonomic and physiological analyses, the previously described genus Sphingomonas has now been divided into five genera: Novosphingobium, Sphingobium, Sphingomonas, Sphingopyxis and Sphingosinicella (Takeuchi et al., 2001; Maruyama et al., 2006) . Based on polyphasic analysis, the genus Novosphingobium was proposed by Takeuchi et al. (2001) as a result of the dissection of the genus Sphingomonas (Yabuuchi et al., 1990) . At the time of writing, the genus Novosphingobium comprises 33 species with validly published named (http:// www.bacterio.net/novosphingobium.html), among which Novosphingobium capsulatum is the type species of the genus (Takeuchi et al., 2001) .
Members of the species of the genus Novosphingobium are yellow or whitish brown, rod-shaped, Gram-staining-negative, non-sporulating, motile or non-motile, and strictly aerobic. Chemotaxonomically, species of the genus Novosphingobium are characterized by the presence of ubiqunone-10 as the predominant respiratory quinione, spermidine as the major polyamine, 2-hydroxy fatty acid C 14 : 0 2-OH as the major fatty acid and sphingoglycolipid as a component of the polar lipids (Takeuchi et al., 2001) . Members of the genus Novosphingobium have been isolated from a wide variety of habitats including soil, roots of trees, clinical specimens, stocked distilled water, sediments (Takeuchi et al., 2001) , oil-contaminated soil (Gupta et al., 2009) and phosphate mines (Xie et al., 2014) .
This study describes strain D39 T , a novel member of the genus Novosphingobium, isolated from an oil-contaminated soil sample from Gunsan, North Jeolla Province, South Korea, during a study of hydrocarbon-degrading bacteria. Based on the results obtained from phenotypic, genotypic, chemotaxonomic and phylogenetic analyses, strain D39
T is proposed to represent a novel species in the genus Novosphingobium.
For isolation, a modified culture technique with six-well polycarbonate transwell plates (Pham & Kim, 2012) was applied. In this technique, 3 g normal soil was added in each well and inserts were placed in the soil. Each insert contained 3 ml R2A medium (MB Cell) and 1 g oil-contaminated soil sample. The plate was incubated at room temperature in a shaker for 4 weeks. At the end of each week, liquid cultures were taken and serially diluted. Approximately 100 µl of the diluted culture suspension was spread onto R2A agar plates and incubated at 28 C for 1 week (Pham et al., 2014) . To obtain pure colonies, the bacterial growth was repeatedly streaked on R2A medium and the pure colonies obtained were preserved at À70 C in R2A broth supplemented with 20 % (v/v) glycerol.
Cell size and morphology of strain D39 T (Fig. S1 , available in the online Supplementary Material) grown on R2A agar for 3-5 days at 28 C was studied by light microscopy (BX50 microscope; Olympus) and biotransmission electron microscopy (Bio-TEM; H-7650, Hitachi). Colony characteristics were observed after incubation of the bacterial cells at 28 C for 5 days on R2A agar. Gram type was determined by the method described by Doetsch (1981) and by the KOHstaining technique (Powers, 1995) . Motility test was performed in SIM medium (Oxoid) and R2A medium supplemented with 0.4 % agar. Growth on different bacteriological culture media was assessed by using R2A agar (MB Cell), nutrient agar (NA; Oxoid), tryptone soya agar (TSA; Oxoid), sorbitol MacConkey agar (MA; Oxoid), marine agar 2216 (Difco) and Luria-Bertani agar (LBA; Oxoid). Growth at different temperatures was observed on R2A plates incubated at 4-45 C (4, 10, 12, 15, 20, 25, 28, 30, 32, 35, 37, 40, 42 and 45 C) . Growth with different concentrations of NaCl was examined by using R2A broth as the basal medium supplemented with 0-2 % NaCl (w/v, at intervals of 0.5 %). The optimum pH for growth was assessed in R2A broth. For pH test, the R2A medium was adjusted to pH 4.5-10.0 (at intervals of 0.5 pH unit) prior to autoclaving using citrate/ NaH 2 PO 4 buffer, 0.1 M (for pH range 4.5-5.5), phosphate buffer, 0.1 M (for pH range 6-7.5) and Tris buffer, 0.2 M (for pH 8-10) (Breznak & Costilow, 2007) . Anaerobic growth was tested on R2A agar incubated at 28 C for 10 days by using a BBL anaerobic jar with a GasPak EZ Gas Generating Container (Becton Dickinson). Endospore formation was examined according to the Schaeffer-Fulton method by staining bacterial cells with malachite green. Catalase and oxidase tests were performed as described by Lin et al. (2014) . Indole test was conducted by adding Kovacs' reagent, and hydrogen sulfide production was tested by observing the presence or absence of blackening in SIM medium (Oxoid). Methyl red-Voges Proskauer test was performed in MR-VP broth and incubated at 28 C for 48 h (Vaughn et al., 1939) . DNA degradation test was performed by flooding agar plates with 1 M HCl (Kim, et al., 2013) . Starch hydrolysis was performed as described previously (Tindall et al., 2007) and Tween 80 and aesculin hydrolysis tests were conducted according to the methods of Smibert & Krieg (1994) . Gelatin and casein hydrolysis were assessed according to the procedure described by Cowan & Steel (1965) . Degradation of xanthine and hypoxanthine was analysed by the procedure described by Gordon et al. (1974) . Antibiotic susceptibility tests were performed on R2A plates by the paper disc method as described previously (Lee et al., 2014) . Other physiological, biochemical and enzymic activities were performed using API 20NE, API ID 32GN and API ZYM test kits (bioM erieux) according to the manufacturer's instructions. The phenotypic characteristics of strain D39 T are illustrated along with other closely related species in Table 1 .
Genomic DNA of strain D39
T was extracted according to the procedure described by Marmur (1961) . The 16S rRNA gene was amplified by PCR using forward primer 27F and reverse primer 1492R (Frank et al., 2008 ). The PCR product was then sequenced with an Applied Biosystems 3730XL DNA analyser utilizing the BigDye terminator cycle sequencing kit v.3.1 (Applied Biosystems). A nearly complete sequence of the 16S rRNA gene was compiled with SeqMan software (DNASTAR). The nearly full-length 16S rRNA gene sequence for strain D39
T was 1433 bp. The closest phylogenetic neighbours for this sequence were identified by using the EzTaxon-e database . The 16S rRNA gene sequence of strain D39
T was subjected to multiple alignments with the sequences of closely related bacteria using CLUSTAL X 2.1 (Thompson et al., 1997) . After multiple alignments, gaps at the 5¢ and 3¢ ends were deleted using the software package BioEdit (Hall, 1999) . Phylogenetic trees were reconstructed by three different methods: the neighbour-joining method (Saitou & Nei, 1987) , the maximum-parsimony algorithm (Fitch, 1971 ) and the maximum-likelihood algorithm (Felsenstein, 1981) using the MEGA6 program (Tamura et al., 2013) . During the phylogenetic analysis, evolutionary distances were calculated using the Kimura two-parameter model (Kimura, 1980) , and bootstrap values were calculated based on 1000 replications (Felsenstein, 1985) . The comparison of the resulting 16S rRNA gene sequence with the available 16S rRNA gene sequences from GeneBank by using the EzTaxon-e database (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) T were selected as reference strains for biochemical studies, chemotaxonomic analysis and DNA-DNA hybridization.
The respiratory quinones and polar lipids were analysed from freeze-dried cells as described by Minnikin et al. (1984) . Isoprenoid quinones were extracted with methanol/ water (water containing 0.3 % sodium chloride) and petroleum ether at 60-80 C, evaporated under a vacuum, reextracted with acetone and analysed by HPLC (Collins & Jones, 1981; Minnikin et al., 1984) . Two-dimensional TLC using chloroform/methanol/water (65 : 25 : 4; by vol.) in the first dimension and chloroform/methanol/acetic acid/water (40 : 7.5 : 6 : 2, by vol.) in the second dimension was used to analyse the polar lipid profile. Appropriate detection reagents (Minnikin et al., 1984; Komagata & Suzuki, 1987) were used to visualize the spots; molybdophosphoric acid (phosphomolybdic acid reagent, 5 %, v/v, solution in ethanol; Sigma-Aldrich,) was used to detect total polar lipids, ninhydrin reagent (0.2 % solution; Sigma Life Sciences) was used to detect amino lipids, Zinzadze reagent (molybdenum blue spray reagent, 1.3 %; Sigma Life Sciences) was used to T . All data are from the present study, except for those indicated in parentheses, which were taken from literature. +, Positive; À, negative; W, weakly positive; ND, no data available. Tween 80 detect phospholipids and a-naphthol reagent was used to detect glycolipids. For the analysis of fatty acids, strain D39 T and its reference strains were cultured on R2A agar plates at 28 C for 3 days. Biomass of all strains was harvested after the same growth period (3 days) and subjected to saponification and methylation, and extracted using the standard MIDI protocol (Sherlock Microbial Identification System, version 6.0B). Analysis of fatty acids was performed with a gas chromatograph (HP 6890 Series GC System, Hewlett Packard) and the fatty acids were identified using the TSBA6 database of the Microbial Identification System (Sasser, 1990) . Polyamines were extracted and analysed by the technique described by Busse & Auling (1988) and Busse et al. (1997) . For determination of quantitative polyamine patterns, HPLC was performed using the equipment as reported by Stolz et al. (2007) .
The measurement of the G+C content of the chromosomal DNA for strain D39
T was performed according to the procedure described by Mesbah et al. (1989) . DNA-DNA hybridization was performed between strain D39
T and the four reference strains ('N. ginsenosidimutans' KACC 16615, N. mathurense KACC 14598 T , N. aquiterrae KACC 17599 T and N. kunmingense DSM 25975 T ) according to the method described by Ezaki et al. (1989) . Salmon sperm was used as the negative control and photobiotin was used as a probe to label DNA of strain D39 T . The values of DNA-DNA relatedness were determined fluorometrically in microplate wells using a 1420 Multilabel Counter (Perkin Elmer). Additionally, for reverse hybridization, each reference strain was labeled with photobiotin and used as a probe to strain D39 T . All the assays were carried out in triplicate.
Novosphingobium panipatense SM16 T (EF424402)
Novosphingobium mathurense SM117 T (EF424403)
Novosphingobium naphthalenivorans TUT562 T (AB177883)
Novosphingobium chloroacetimidivorans BUT-14 T (KF676669)
Novosphingobium soli CC-TPE-1 T (FJ425737)

Novosphingobium lindaniclasticum LE124 T (JN687581)
Novosphingobium barchaimii LL02 T (JN695619)
Novosphingobium resinovorum NCIMB 8767 T (EF029110)
Altererythrobacter namhicola KYW48 T (FJ935793)
Novosphingobium malaysiense MUSC 273 T (KC907395)
Novosphingobium indicum H25 T (EF549586)
Novosphingobium sediminicola HU1-AH51 T (FJ177534)
Novosphingobium aquaticum FNE08-86 T (JN399173)
Novosphingobium rosa IFO 15208 T (D13945)
Novosphingobium fuchskuhlense FNE08-7 T (JN399172)
'Novosphingobium sediminis' YG-17 (FJ938155)
Novosphingobium stygium IFO 16085 T (AB025013)
Novosphingobium lentum MT1 T (AJ303009)
Novosphingobium tardaugens ARI-1 T (AB070237)
Novosphingobium subterraneum SMCC B0478 T (U20773)
Novosphingobium aromaticivorans DSM 12444 T (NR074261)
Novosphingobium capsulatum GIFU 11526 T (D16147)
'Novosphingobium ginsenosidimutans' FW-6 (JQ349046)
Novosphingobium naphthae D39 T (KT884900)
Novosphingobium aquiterrae E-II-3 T (FJ772064)
Novosphingobium kunmingense 18-11HK T (JQ246446)
Sphingomonas desiccabilis CP1D T (AJ871435) The only isoprenoid quinone of strain D39
T was ubiquinone 10 (Q-10), as found in all known members of the genus Novosphingobium. Strain D39 T contained sphingoglycolipid, diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, phosphatidylcholine and phosphatidyl-N-methylethanolamine as the major polar lipids. Additionally, two unidentified phospholipids and two unidentified lipids were detected (Fig. S2) . The cell wall of strain D39
T contained spermidine (98.1 %) as the major polyamine, and trace amounts of putrescine (0.6 %). The major fatty acids detected from strain D39
T were summed feature 8 (C 18 : 1 !7c and/or C 18 : 1 !6c; 33.16 %), summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c; 19.36 %), C 17 : 1 !6c (15.99 %), C 14 : 0 2-OH (7.87 %), C 17 : 1 !8c (5.73 %) and C 15:0 2-OH (4.86 %). The fatty acid profile of strain D39
T was similar to that of other members of the genus Novosphingobium, indicating that strain D39
T is a member of the genus Novosphingobium. However, some significant differences in the contents of the fatty acids clearly distinguished strain D39
T from other closely related species of the genus Novosphingobium ( Table 2 ). The DNA G+C content of strain D39
T was 66.7 mol%, which falls within the range of 62-67 mol% for the genus Novosphingobium as described by Takeuchi T were 33.7±0.6 % (reciprocal, 28.7±0.6 %), 29.0±1.7 % (reciprocal, 30.3±0.6 %), 22.3±1.5 % (reciprocal, 24.3±1.2 %) and 18.3±0.6 % (reciprocal, 15.7±0.6 %), respectively. These values were significantly lower than the threshold value of 70 %, which clearly demonstrated that strain D39 T differs genetically from other type strains of genus Novosphingobium at the species level (Wayne et al., 1987) .
Based on the distinct phylogenetic, phenotypic, biochemical and chemotaxonomic data mentioned above, strain D39 T represents a novel species within the genus Novosphingobium, for which the name Novosphingobium naphthae sp. nov. is proposed.
Description of Novosphingobium naphthae sp. nov.
Novosphingobium naphthae (naph¢thae. Gr. n. naphtha oil; N.L. gen. n. naphthae of oil).
Cells are Gram-stain-negative, strictly aerobic, non-motile and non-spore-forming rods. Cells are between 0.25 and 0.55 µm wide and 1.3 and 1.9 µm long. Colonies are 1-2 mm in diameter after incubation on R2A agar at 28 C for 5 days. Colonies on R2A are circular, smooth and translucent with entire margins. Colonies are light grey in colour but become slightly yellow with longer incubation. Cells grow well on R2A, TSA and NA agar, poorly on LB agar, and do not grow on MacConkey or marine agar. Cell growth can be observed at temperatures of 12-42 C (optimum, 25-37 C) and at pH 5. 5-8.5 (optimum, pH 6.5-8.0) . Cells grow optimally in the absence of NaCl but can tolerate up to 1 % NaCl. Positive for oxidase but negative for catalase, H 2 S production, indole production, methyl red and Voges-Proskauer tests. Hydrolyses DNA, but not casein, starch, gelatin, Tween 80, aesculin, xanthine or hypoxanthine. With the API ZYM test kit, shows the following enzyme activities: positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), lipase (C14), leucine arylamidase, valine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase and a-glucosidase; weakly positive for cystine arylamidase, a-chymotrypsin and b-galactosidase; and negative for trypsin, a-galactosidase, b-glucuronidase, bglucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase. During API 20NE testing, nitrate is strongly reduced to nitrite, and maltose is assimilated. Negative for Ltryptophan, D-glucose, L-arginine, urea, aesculin ferric citrate, gelatin and 4-nitrophenyl-b-D-galactopyranoside. Cells can 
